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(57) ABSTRACT

A wire fastening device and a wire extending structure
capable of extending a wire with an appropriate tension
between support. The wire fastening device includes a case,
a cap bolt and a pulling cylinder. The case has a wire
engaging portion at one end thereof and a female thread
formed on an 1nner circumfierence thereof. The cap bolt 1s
inserted into the pulling cylinder with the head abutted with
the pulling cylinder and has a male thread formed on an
outer circumierence thereof. The pulling cylinder 1s held on
the cap bolt rotatably and the case, with one end of the wire
engaged therewith, 1s screwed on the pulling cylinder.
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WIRE FASTENING DEVICE AND WIRE
EXTENDING STRUCTURE USING WIRE
FASTENING DEVICES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wire fastening device
for extending a wire between support bodies and a wire
extending structure for constituting a handrail, a fence, etc.
using the wire fastening devices.

2. Description of the Related Art

A wire extending structure 1s used for constituting a fence
for exhibiting entrance through a railing bar and indicating
a boundary of a no-entry zone, and a wire guard for
preventing people and vehicles form falling. The wire
extending structure 1s 1nstalled on a flat or inclined floor or
oround, and also vertically between a ceilling and a floor.
Further, wires for the wire guard along a road and wires for
architecture bear a load exerted on the structure. In any of
the cases, one end of the wire 1s fixed to one support body
and the other end of the wire 1s fixed to another support
body. The wire extending structure has been widely adopted
because of fine appearance of line design and good perspec-
five view of background.

There have been proposed wire fixing devices for fixing
ends of the wire on the support bodies 1n Japanese Utility-
Model Publication No. 57-107472 and Japanese Patent
Publication No. 8-93167. The wire fixing device disclosed in
these publications comprises a fixing member for fixing on
a support body, a connection member for connecting one end
of the wire and a cap or casing. The fixing member has a
proximal portion fixed to the support body by a screw or
welding and a male thread formed at the other end. The
connection member fixed to the end of the wire 1s attached
to the fixing member by screwing on the male thread. The
one end of the wire 1s fixed to the connection member by
pinching it by a chuck or a stopper or by caulking. The cap
1s provided for covering the coming out portion of the wire
from the connection member for improving appearance and
often formed integrally with the connection member.

In these fixing devices, since the wire 1s fixed to the
support body by rotating the connection member with
respect to the fixing member, if the connection member 1s
rotated by mischief after installation the wire easily looses
tension. Further, since a pulling stroke of the wire by the
threaded engagement between the fixing member and the
connection member 1s small, a sufficient tension 1s not
provided on the to wire when a length of the wire 1s too long,
for the pulling stroke, and contrary, where the wire 1s too
short to fully screw the connection member 1nto the fixing
member so that an opening 1s formed between the connec-
tion member and the fixing member.

Furthermore, the connection of the end of the wire with
the connection member by a chuck makes the connection
member thick and deteriorates the appearance of the wire
structure.

The connection members with one end of the wire
caulked have to be rotated simultaneously making it hardly
possible to install by one person.

SUMMARY OF THE INVENTION

An object of the present mvention 1s to provide a wire
fastening device and a wire extending structure to extend a
wire between support bodies with an appropriate tension to
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enhance the appearance without deteriorating strength and to
prevent mischief after installation.

The case has a cylindrical shape with one end closed and
has a through hole at the one end for 1nserting one end of a
wire and an engaging portion for engaging a stopper fixed to
the one end of the wire. The case has a female thread on an
inner circumierence thereof.

The case has a cylindrical shape with one end closed and
has a through hole at the one end for 1nserting one end of a
wire and engaging portion for engaging a stopper fixed to the
one end of the wire. The case has a female thread on an inner
circumierence thereof.

The pulling cylinder has a male thread on an outer
circumference thereof to be engaged with the female thread
of the case. The pulling cylinder has an inner diameter such
that the pulling cylinder 1s fitted on a shank of the cap bolt
and to abut a head of the cap bolt. The threads formed on the
cap and the pulling cylinder may be of left-handed threads
so as not to loosen the right-handed screwed fixing of the cap
bolt when the pulling cylinder 1s rotated with respect to the
case to pull the case with the wire.

A wire fastening device 1s set up by engaging the stopper
fixed to one end of the wire with the case, and the cap bolt
with the pulling cylinder fitted thereon 1s fixed to the
terminal pole. The cap bolt 1s fixed to the terminal pole 1n
various manners, such as welding, threaded engagement
with a cap nut, or threaded engagement with an end bolt
using a threaded spacer cylinder therebetween. The case
with one end of the wire 1s fitted mnto the cap bolt to be
engaged with the pulling cylinder by rotating the pulling
cylinder.

Another wire fastening device 1s set up by inserting the
other end of the wire 1nto a through hole of the cap and fixing
another stopper on the other end of the wire. The stopper
may be fixed on the other end of the wire by caulking or set
screws screwed 1n holes formed on the stopper.

The cap with the other end of the wire engaged therewith
1s fitted 1n the cap bolt fixed to another pole to be engaged
with the pulling cylinder by rotating the pulling cylinder.

In the above manner, the wire 1s extended between one
pole and another pole. Then, the pulling cylinder 1s rotated
with respect to the case to pull the case towards the support
body by the threaded engagement between the pulling
cylinder and the case since the pulling cylinder is rotatably
supported by the head of the cap bolt retaining an axial

position thereof Thus the wire 1s strained with an appropriate
tension by the axial movement of the case.

By setting the length of the pulling cylinder slightly
shorter than the pulling distance of the wire, the pulling
cylinder 1s fully 1nserted into and covered by the case when
the wire 1s strained with an appropriate tension. If the case
1s rotated, the pulling cylinder rotates with the case but does
not cause relative rotation between the case and the pulling
cylinder, thereby preventing wire slack.

The pulling cylinder 1s rotated relatively to the case to be
fully 1inserted 1nto the case by a dedicated tool engaged with
notches formed on the pulling cylinder, and thus the dedi-
cated tool 1s necessary to loosen the threaded engagement
between the case and the pulling cylinder to prevent mis-
chiefs of the dewvice. It 1s preferable to close an opening
between the case and the pulling cylinder by sealing material
after stramning the wire. The case and the pulling cylinder
may be fixed with each other not to permit the relative
rotation therebetween after fastening the wire.

A spacer may be used for securing a space for a rotating
operation of the pulling cylinder by the dedicated tool. The
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spacer cylinder has a female thread on an inner circumfer-
ence thereof to be engaged with the male thread formed on
the shank of the cap bolt.

Notches for engagement with a tool are provided in the
pulling cylinder for easy rotation thereof. The notches may
be a hexagonal nut formed integrally on the outer circum-
ference and preferably are cutaways formed at a rear end
closer to the support body to extend in the axial direction.
With such cutaways, the pulling cylinder can be rotated by
a dedicated tool engaged with the cutaways inserted from an
opening of the case to be completely covered by the case so
that the appearance of the fastening device 1s enhanced. The
pulling cylinder can be further rotated by the dedicated tool
after the pulling cylinder 1s completely covered by the case.

By rotating the pulling cylinder, the case 1s moved
towards the support body. A spacer may be used for securing
a space for operating the tool between the rear end of the
case and the support body. By setting an outer diameter of
the space ring smaller than an mnner diameter of the case, the
rear end of the case may cover the pulling cylinder and also
the spacer to enhance the appearance of the connection
between the fastening device and the support body. A space
1s formed between the fastening device and the support body
when the wire extending structure 1s 1nstalled and this space
may be preferable 1n design as a handrail or a fence.

A periphery of a front end of the pulling cylinder 1s
abutted with the head of the cap bolt and a periphery of one
end of the spacer 1s abutted with a rear end of the pulling
cylinder to place the pulling cylinder in a stationary axial
position on the shank of the cap bolt. A washer may be
intervened between the pulling cylinder and the head of the
cap bolt for smooth rotation of the pulling cylinder.

The connection between the pulling cylinder and the case
1s accomplished by threaded engagement of the male thread
on the entire outer circumierence of the pulling cylinder and
the female thread on the mner circumference of the case to
have strength in the pulling direction. The connection
between the case and the wire 1s accomplished by engage-
ment between the stopper fixed to one end of the wire and
an engaging portion of the case to have sufficient strength
and reduce diameters of the cap bolt and the case.

The wire extending structure 1s constituted by a wire with
both ends fixed to stoppers and the wire fastening devices
engaged with the both ends of the wire.

The cap bolt of one wire fastening device 1s fixed to one
support body and the cap engaged with one end of the wire
1s fitted to the cap bolt and screwed on the pulling cylinder
to connect the one end of the wire with the one support body.
Likewise, the cap bolt of another wire fastening device 1s
fixed to another support body and the cap engaged with the
other end of the wire 1s fitted to the cap bolt and screwed on
the pulling cylinder to connect the other end of the wire with
the another support body.

A plurality of units of the above wire extending structure
between one support body and the other support body can be
provided 1n series to extend the shielding effect or the wire
extending structure can be extended by using the other
support body of one wire extending structure as one support
body of the adjacent wire extending structure.

When the wire extending structure i1s provided 1n series,
the adjacent wire fastening devices with a connecting pole
between may be connected by one grub screw arranged to
penetrate the connecting pole in the direction of the wires.
With this arrangement, the adjacent wire fastening devices
are aligned 1n a line and an attaching work of the adjacent
wire fastening devices 1s reduced.
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The spacer may have a boss formed integrally therewith
and can be used for constituting the wire extending structure
on an inclined floor. The boss 1s rotatably supported by a
shaft inserted 1nto the supporting pole 1n a direction perpen-
dicular to the wire axis. With this arrangement, the spacer
can swing about the shaft in accordance with an angle
formed between the wire and the support pole to align the
wire axes on both sides of the connecting pole.

The support body includes a ceiling, a floor, a wall, a
polygonal or annular frame as well as a pole. The wire may
be not only a so-called wire by twisting metal lines such as
stainless steel lines but also a thread, a string, a cord, a rope,
a line made of fibers, resin, metal, etc.

An mtermediate support body may be used for merely
supporting the wire by a through hole between the one
support body and the other support body. The through hole
for inserting the wire preferably has substantially the same
diameter as that of the wire for a handrail or a fence so as
to prevent noises caused by a strong wind and enhance the
design.

In order to retain the tension of the wire and absorb a
difference between a length the wire and a distance between
the one support body and the other support body, a resilient
member such as a coil spring may be used to intervene
between the case and the stopper fixed to one end of the
wire.

A scale of the wire extending structure, and thus diameter
of the wire and dimension of the support body are not
restricted. In general, the support body and the wire fasten-
ing device has a greater dimension when the wire has a
oreater diameter.

The wire fastening device of the present invention may be
utilized for suspending an article vertically.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s an elevation of a handrail according to one
embodiment of the present invention;

FIG. 2a 1s a sectional elevation of a terminal pole and a
wire fastening device attached to the terminal pole;

FIG. 2b 1s a sectional elevation of a terminal pole and a
wire fastening device mcluding a modification relative to
FIG. 2a attached to the terminal pole.

FIG. 3 1s a sectional elevation of a connecting pole and the
wire fastening devices attached to a connecting pole;

FIG. 4 1s an sectional view of elements of the wire
fastening device, stoppers, a coil spring, a wire, and a grub
screw for mterconnecting the wire fastening devices, shown

i FIG. 3;

FIG. 5 1s a sectional view of another example of a
detachable stopper;

FIG. 6 1s a sectional view of another example of a
combination of a stopper and a coil spring;

FIG. 7 1s an exploded view of the wire fastening device
with a dedicated tool;

FIG. 8 1s a sectional elevation of the terminal pole and a
wire fastening device according to another embodiment of
the 1nvention;

FIG. 9 1s an elevation of a handrail using a wire extending
structure 1nstalled on an inclined floor;

FIG. 10 1s a perspective view of a wire fastening device
and the connecting pole according to still another embodi-
ment of the present mnvention; and

FIG. 11a 1s an elevation of a connection part of the wires
with a stationary connector, and



US 6,679,450 Bl

S

FIG. 115 1s an elevation of a connection part of the wires
with the swingable connector as shown 1n FIG. 10.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a horizontal handrail 1 on a {flat floor
adopting a wire extending structure according to a first
embodiment of the present. The handrail 1 has support poles
2,3,4, ... standing on a concrete floor and a handrail bar
S supported on the tops of the support poles 2,3, 4, . ... A
wire extending structure 7 using wire fastening devices 8 1s
installed between the handrail bar 5 and the floor for
preventing people from creeping 1 and dropping from the
handrail 1. Each of the support poles 2, 3, 4, . . . constitutes
a support body for the wire extending structure 7 and has a
simple plate-like shape with a rectangular cross section. The
support poles 2,3, 4, . . . stand parallel with one another with
wider sides facing one another and with their lower ends
fixed to the floor. Each of the support poles 2, 3, 4, . . . 1s
firmly fixed to the floor and has a rigidity not to incline or
bend by tensile forces of the wires 6. It the tensile forces of
the wires 6 are set greater, the rigidities of the terminal
supporting poles of the handrail are set greater.

The wire extending structure 7 comprises the wire 6 and
wire fastening devices 8 for fastening and straining the wire
6 between the support poles 2 and 4.

Details of the wire fastening device are shown 1n FIGS.
2a,2b and 3. As shown 1n FIG. 24, the wire fastening device
8 has a cap bolt 12, a pulling cylinder 14, a washer 13, a
spacer 15 and a case 9. The wire 6 1s 1nserted 1nto the case
9 with one end thereof fixed to a stopper 11a by caulking. A
coll spring 10 1s intervened between the stopper 11a and a
rear end of the case 9. The stopper 11a may be caulked on
the end of the wire 6 1n a factory. As shown 1n FIG. 3, the
other end of the wire 6 1s fixed to a wire stopper 11b using
set screws 17 when the wire structure 7 1s installed.

As shown 1n FIG. 2a, and as described above, 1t 1s not
necessary to use the washer 13. Instead, the front end of the
pulling cylinder 14 directly abuts the head 21 of the cap bolt
12. Otherwise, all features of FIG. 2b are the same as FIG.
2a.

The case 9 has a cylindrical body and a closed end with
a through hole 18 for inserting the wire 6. An engaging
portion 19 for engagement with one end of the coil spring 10
1s formed at the closed end of the case 9 and a female thread
20 1s formed on an 1nner circumierence at an open end of the
case 9.

As also shown 1n FIG. 24, the cap bolt 12 has a cylindrical
head 21 with a hexagon socket and a shank with a male
thread 23 on an outer circumierence thereof. The washer 13
of a plane type 1s intervened between the pulling cylinder 14

and the head of the cap bolt 12.

The pulling cylinder 14 has a male thread 24 on an outer
circumfierence thereof, an 1nner notch 26 for abutment with
the spacer 15 and tool engaging cutaways 25 for engaging
with a dedicated tool 30, as shown 1n FIG. 7 at a rear wire
fastening device and a wire extending structure capable of
extending a wire with an appropriate tension between sup-
port. The wire fastening device includes a case, a cap bolt
and a pulling cylinder. The case has a wire engaging portion
at one end thereof and a female thread formed on an i1nner
circumference thereof. The cap bolt 1s inserted into the
pulling cylinder with the head abutted with the pulling
cylinder and has a male thread formed on an outer circum-
ference thereof. The pulling cylinder 1s held on the cap bolt
rotatably and the case, with one end of the wire engaged
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nerewith, 1s screwed on the pulling cylinder rear end
nereol. The pulling cylinder 14 1s fitted into the shank 22 of
ne cap bolt 12 to abut the head 21 of the cap bolt 12 with
ne washer 13 therebetween to be rotatable on the shank 22.

The cylindrical spacer 15 has a female thread 27 on an
inner circumierence thereof.

The female thread 20 of the case 9 and the male thread 24
of the pulling cylinder 14 are left-handed threads with the
same pitch, and the male thread 23 of the cap bolt 12 and the
female thread 27 of the spacer 15 are right-handed threads
with the same pitch.

For constructing the handrail 1, the support poles 2, 3, 4,
are set up on the floor with the handrail bar 5§ fixed on the

support poles 2, 3, 4, . . . , and then the wire extending
structure 7 1s 1nstalled under the handrail bar 5. Each of the

support poles 2, 3, 4, . . . has three through holes 28 with an
appropriate space therebetween.

The installation of the wire extending structure 7 of FIG.
2a 1s performed 1n the following manner. First, the washer
13 and the pulling cylinder 14 are fitted on the shank of the
cap bolt 12 and the spacer 15 1s screwed on the male thread
of the cap bolt 12 to place the pulling cylinder 14 between
the spacer 15 and the washer 13. The assembled unit
consisting of the cap bolt 12, the washer 13, the pulling
cylinder 14 and the spacer 15 forms a connection assembly.
The pulling cylinder 14 fitted on the shank of the cap bolt 12
can be rotated at a fixed axial position between the washer

13 and an end face of the spacer 15 screwed on the male
thread 23 of the cap bolt 12.

Then, the spacer 15 of the connection assembly 1s screwed
on a threaded portion projecting from the terminal pole 2 of
an end bolt 29 inserted nto the through hole 284 formed on
the terminal pole 2.

As shown 1 FIG. 3, a grub screw 16 1s used for inter-
connecting the connection assemblies at a connecting pole 4.
The grub screw 16 1s mserted into the through hole 28c¢ of
the connecting pole 4 and the spacers 15 of the connection
assemblies are screwed on opposite threaded portions of the
orub screw 16, respectively. In this way, the connection
assemblies are ecasily attached to the both sides of the
connecting pole 4.

The continuous fence can be formed by attaching the
connection assemblies on both sides of another connecting
pole using the grub screw 16. A final connection assembly
1s fixed to the other terminal pole using the end bold 29
inserted 1n a through hole of the other terminal pole 1n the
same manner as shown in FIGS. 2a, b.

Since a length of one piece of the wire 1s restricted
because of the ability to retain tension and convenience of
installation, a long handrail 1s formed by using the connect-
ing poles 4 between the terminal poles. One or more
intermediate poles 3 for additionally supporting the wires 6
are usually provided between the terminal pole 2 and the
connecting pole 4 and between the connecting poles 4. In
this embodiment, since a durability of the wire connection
assembly 1s high, a distance between the poles can be set
long to reduce the number of the connection assemblies and
thus lower a cost for installation of the handrail 1.

Then, one end of the wire 6 with the stopper 11a caulked
at the other end 1s inserted into the coil spring 10 and the
case 9 from the open end through the through hole 18, and

the coil spring 10 and the case 9 are moved to the one end
of the wire 6. The female thread 20 of the case 9 1s screwed
on the male thread 24 of the pulling cylinder 14 of the
connecting assembly attached to the terminal pole 2, so that
the one end of the wire 6 1s connected to the terminal pole
2 provisionally, to the state as shown 1n FIGS. 24, b.

t]
t]
t]
t]
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The other end of the wire 6 1s 1nserted through the through
hole 28b of the intermediate pole 3, and inserted into the
through hole 18 of the case 9, the coil spring 10 and the
stopper 11b, and the stopper 115 1s fixed to the other end of
the wire 6 with the set screws 17. Then, the coil spring 10
and the stopper 11b are contained in the case 9 and the case
1s screwed on the pulling cylinder 14 of the connection
assembly attached to the connecting pole 4. Thus, the other
end of the wire 6 1s provisionally connected to the connect-
ing pole 4.

As shown 1n FIG. 5, a stopper 11c¢ having a thin metal
cylindrical tube 17' fitted 1n the through hole can be used as
a substitute for the stopper 11b5. The cylindrical tube 17
prevents the other end of the wire 6, which 1s cut and broken
to some extent, from being jammed by female screws for the
set screws 17 formed 1n the stopper 115 and cause pushing
forces of the set screws to be applied effectively on the wire
6. Further, as shown 1n FIG. 6, a thin stopper 11d and a long,
coll spring 10a fitted around the thin stopper 11d may be
used 1n combination. With this arrangement, a long adjust-
ment range of length of the wire 6 can be obtained by the
long coil spring 10a. The stopper 11d 1s fixed to the one end
of the wire 6 by calking and 1s used as a substitute for the
stopper 11a.

Next, 1n the state as shown in FIGS. 2a, b, the pulling
cylinder 14 1s rotated with respect to the case 9 held by hand
in the left-handed direction using the dedicated tool 30
engaged with the cutaways 25 of the pulling cylinder 14, as
shown 1n FIG. 7. The pulling cylinder 14 rotates at the
stationary axial position to make the case 9 move closer to
the terminal pole 2. As a result, the one end of the wire 6
engaged with the case through the stopper 11a and the coil
spring 10 moves closer to the terminal pole 2 to produce
tension on the wire 6 by an elastic force of the coil spring 10.
In the same manner, the pulling cylinder 14 of the connect-
ing assembly attached to the connecting pole 4 1s rotated
with respect to the case 9 engaged with the other end of the
wire 6 through the stopper 115 and the coil spring 10. Thus,
the wire 6 1s extended between the terminal pole 2 and the
connecting pole 4 with an appropriate tension.

The pulling cylinder 14 enters into the case 9 with the
axial motion of the case 9 and by setting the length of the
wire 6 appropriately, the tension of the wire 6 1s of an
appropriate value when the pulling cylinder 14 1s covered by
the case 9. In this manner, the pulling cylinder 14 1s not
exposed to the environment to enhance durability and
appearance of the wire fastening device. Further, since the
pulling cylinder 14 1s covered by the case 9 by rotating the
pulling cylinder 14 relatively to the case 9 using the dedi-
cated tool 30, the wire fastening device 1s prevented from
mischiefs of disassemble by rotating the pulling cylinder 14
and the case 9 relatively by hand. If someone rotates the case
Y by hand, the pulling cylinder 14 rotates with the case 9 to
maintain the threaded engagement so that case 9 is not
moved axially and the wire 6 does not loose the tension.

The wires 6 are connected with each other at the con-
necting pole 4 by the wire fastening devices 8 with one grub
screw 16 1ntervened therebetween to enhance efficiency.

In this embodiment, tension of the wire 6 can be increased
to an extent defined by JIS (Japanese Industrial Standard)

when the wire 6 1s extended by the wire fastening devices
attached to the both ends.

FIG. 8 shows a second embodiment of the present inven-
tion which differs from the connection assembly as shown 1n
FIGS. 2a and b 1in that the cap bolt 12 having an elongated
threaded shank 1s adopted and the end bolt 29 1s replaced
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with the nut 31. The elongated threaded shank of the cap bolt
12 has a length enough to project from an end face of the
terminal pole 2 and the nut 31 1s screwed on a projected part
of the threaded shank. Since the spacer 15 in the first
embodiment 1s not used, the pulling cylinder 14 can be
moved between the inner end face and the head of the cap
bolt 12 1n the state where the case 9 1s not screwed on the
pulling cylinder 14. However, when the case 9 1s screwed on
the pulling cylinder 14 and the wire 6 1s pulled by the
rotation of the pulling cylinder 14, the pulling cylinder 14
abuts the head of the cap bolt 12 to tighten the wire 6. In this
state, the pulling cylinder 14 1s rotatable with the cap 9 to
have the same advantageous effect as that of the first
embodiment. In this embodiment, since the spacer 15 1s not
used, the fastening device 1s provided with low cost although
the threaded shank of the cap bolt 12 1s exposed between the
end of the case and the end face of the terminal pole 2.

FIGS. 9 and 10 show a third embodiment of the present
mnvention which relates to an attachment structure of the

wire fastening devices to the poles 2 and 4. The wire

extending structure of this embodiment 1s suitable for an
inclined floor or ground.

The handrail 1 has vertical poles 2, 3, 4, . . . standing on
the 1nclined floor or ground and a handrail bar 5 bridging on
tops of the poles 2, 3,4, . ... The wires 6 extend parallel to
the floor or ground and diagonally to the poles 2, 3, 4, . . .
between the handrail bar § and the floor or ground with
appropriate spaces using the fastening devices 8.

The wire extending structure of this embodiment com-
prises the case 9, the coil spring 10, the cap bolt 12, the
washer 13, the stopper 11a, the pulling cylinder 14 as 1n the
first embodiment, but differs from the first embodiment in
that the connection member 33 1s used 1n place of the spacer
15 and the grub screw 16. The connection member 33 has
spacers 15a and 15b aligned on a line and a boss 32
interconnecting the spacers 154 and 15b and supported by a
shaft 34 to be rotatable about an axis perpendicular to the
axis of the wire 6.

A through hole 35 extending 1n the transverse direction of
the pole 4 and having a vertical size slightly larger than a
diameter of the boss 32 1s formed 1n the pole 4. A through
hole 36 for mnserting the shaft 34 1s formed 1 the direction
perpendicular to the transverse direction of the pole 4.

The connection member 33 1s inserted into the through
hole 35 of the pole 4 and the shaft 34 is inserted into the
through hole 36 from behind to support the connection
member 33 to be swingable about the shaft 34.

The cap bold 12 1s inserted into the washer 13 and the
pulling cylinder 14, and screwed 1n the spacer 15b. Then the
cap 9 with the stopper 11b, the coil spring 10 and the wire
6 1s screwed on the pulling cylinder 14 by rotating the
pulling cylinder 14 by the dedicated tool 30 i1n the same
manner as 1n the first embodiment.

At the terminal pole 2, the wire 6 1s connected to the
terminal pole 2 using the connection member 33 and the
wire fastening device 8. Since the spacer 15b of the con-
nection member 33 1s not necessary at the terminal portion
of the wire extending structure, the spacer 15b 1s cut away
or a connection member without the spacer 15b 1s used.

In this embodiment, since the wire fastening devices 8 are
attached to the pole to be swingable about the shaft 34 to
allow the axis of the wire 6 to incline as shown 1n FIG. 115,
the axes of the wires 6 on both sides of the connecting pole
4 coimncide with each other to enhance the strength and
appearance of the wire extending structure as compared with
a stable bracket as shown 1n FIG. 11a.
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A unit of the wire extending structure between the termi-
nal pole 2 and the connecting pole 4 1s described above, and
the unit can be repeated any desired times to form the wire
extending structure of a desired length to terminate at the
other terminal pole 2. Further, the unit of the wire extending
structure 1s repeated to form a circle around a pond, lake, etc.
In this case, the wire extending structure may be constituted
using the connecting poles only and the terminal poles with
the end bolts 29 are not necessary.

According to the present invention, since the pulling
cylinder 1s fully inserted mto and covered by the case, and
rotates with the case when the case 1s rotated by hand,
mischiefs to loosen the wire are prevented.

Further, since the wire fastening devices of the same
structure can be used for connection with support bodies, the
number of the elements of the wire fastening device 1is
reduced. After provisionally attaching both ends of the wire
to the opposite support bodies, an appropriate tension 1s
applied to the wire by rotating the cases of the fastening
devices to enable the installation of the wire extending
structure to be performed easily by one person. The resilient
member between the stopper and the case retains the appro-
priate tension on the wire and also enables one to pull the
wire to adjust the length of the wire and the distance between
the support bodies.

What 1s claimed 1s:

1. A wire fastening device comprising:

a cap bolt having a head and a shank;

a pulling cylinder contacting the shank of said cap bollt,
wherein a first end of the pulling cylinder is rotatably
connected relative to the head of said cap bolt, said
pulling cylinder having a male thread on an outer
circumference thereof and an imner diameter greater
than a diameter of the shank of said cap bolt and
smaller than a diameter of the head of said cap bolt; and

a case having an i1nner diameter not less than an outer
diameter of the pulling cylinder, a wire engaging por-
tion at a first end thereof and a female thread formed on
an 1mner circumfierence of a second, open end thereof to
receive at least a portion of said pulling cylinder and
said head therein by threaded engagement of said male
thread and said female thread with said head of said cap
bolt being located within the case between said first end
of the case and said pulling cylinder.

2. A wire fastening device according to claim 1, further
comprising a washer between the head of said cap bolt and
the first end of said pulling cylinder.

3. A wire fastening device according to claim 1, wherein
the male thread of said pulling cylinder and the female
thread of said case are of left-handed threads.

4. A wire fastening device according to claim 1, wherein
said pulling cylinder has notches on a second, opposite end
thereof for engagement with a dedicated tool.

5. A wire fastening device according to claim 1, further
comprising a cylindrical spacer having a female thread on an
mner circumference thereof, to be screwed on the male
thread of the shank of said cap bolt so that said pulling
cylinder 1s held rotatable between the head of said cap bolt
and the spacer.

6. A wire fastening device according to claim 5, wherein
said spacer 1s supported swingably by a boss formed inte-
orally therewith.

7. A wire fastening device according to claim 5, wherein
an end of said spacer abuts with said pulling cylinder so that
said pulling cylinder 1s held rotatable at a stationary position
in an axial direction of said cap bolt.
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8. A wire extending structure comprising:

at least two support bodies;

wire fastening devices, each including: a cap bolt having
a head and a shank; a pulling cylinder contacting the
shank of said cap bolt wherein a first end of the pulling
cylinder 1s rotatably connected relative to the head of
said cap bolt, said pulling cylinder having a male thread
on an outer circumierence therecof and an inner diam-
cter greater than a diameter of the shank of said cap bolt

and smaller than a diameter of the head of said cap boli;
and

a case having an inner diameter not less than an outer
diameter of the pulling cylinder, a wire engaging por-
tion at a first end thereof and a female thread formed on
an 1nner circumfierence of a second, open end thereof to
receive at least a portion of said pulling cylinder and
said head therein by threaded engagement of said male
thread and said female thread with said head of said cap
bolt being located within the case between said first end

of the case and said pulling cylinder,

wheremn the shank of the cap bolt of one of the wire
fastening devices 1s fixed to one of the support bodies
and the shank of the cap bolt of another of the wire
fastening devices 1s fixed to another of the support
bodies; and

a wire with one end and another end thereof fixed to
stoppers engaged with the wire engaging portions of
the cases of said one and another of the wire fastening
devices, respectively.

9. A wire extending structure according to claim 8,
wherein said another of the wire fastening devices 1s con-
nected with still another of the wire fastening devices
arranged on an opposite side of said another support body by
a grub screw to continue the wire extending structure.

10. A wire extending structure according to claim 8,
further comprising a resilient member between the case and
one of the stoppers that 1s fixed to the wire.

11. A wire extending structure comprising;:

at least two support bodies;

wire fastening devices, each mncluding;:

a cap bolt having a head and a shank;

a pulling cylinder having on an outer circumierence
therecof a male thread and contacting the shank of
said cap bolt so as to be rotatably connected to said
cap bolt;

a case having a wire engaging portion at one end
thereof and a female thread formed on an inner
circumference thereof, and connected to said pulling,
cylinder by threaded engagement of said male thread
and said female thread, the shank of the cap bolt of
one of the wire fastening devices being fixed to one
of the support bodies and the shank of the cap bolt of
another of the wire fastening devices being fixed to
another of the support bodies; and

a wire with one end and another end thereof fixed to
stoppers engaged with the wire engaging portions of
the cases of said one and another of the wire fasten-
ing devices, respectively,

wherein said another of the wire fastening devices 1s
connected with still another of the wire fastening
devices arranged on an opposite side of said another
support body by a grub screw to continue the wire
extending structure.

12. A wire fastening device comprising;:

a cap bolt having a head and a shank;

a pulling cylinder fitted on the shank of said cap bolt
having one end of said pulling cylinder abutted with the
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head of said cap bolt so as to be rotatably supported by
said cap bolt, said pulling cylinder having a male thread
on an outer circumierence thereof and an mner diam-
cter thereof greater than a diameter of the shank of said
cap bolt and smaller than a diameter of the head of said
cap bolt and

a case having a wire engaging portion at one end thereof

and a female thread formed on an 1nner circumierence
thercof to be connected to said pulling cylinder by
threaded engagement of said male thread and said
female thread,

wherein said pulling cylinder has notches on the other end
thereof for engagement with a dedicated tool.
13. A wire extending structure comprising:

at least two support bodies;

wire fastening devices, each including: a cap bolt having
a head and a shank; a pulling cylinder fitted on the
shank of said cap bolt, having one end abutted with the
head of said cap bolt so as to be rotatably supported by
said cap bolt, having a male thread on an outer circum-
ference thereof, and an mner diameter thereof greater
than a diameter of the shank of said cap bolt and
smaller than a diameter of the head of said cap bolt;

a case having a wire engaging portion at one end thereot

and a female thread formed on an inner circumierence
thercof, and connected to said pulling cylinder by
threaded engagement of said male thread and said
female thread, the shank of the cap bolt of one of the
wire fastening devices being fixed to one of the support
bodies and the shank of the cap bolt of another of the
wire fastening devices being fixed to another of the
support bodies; and

a wire with one end and another end thereof fixed to
stoppers engaged with the wire engaging portions of
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the cases of said one and another of the wire fastening,
devices, respectively,

wherein said another of the wire fastening devices 1is
connected with still another of the wire fastening
devices arranged on an opposite side of said another
support body by a grub screw to continue the wire
extending structure.

14. A wire extending structure comprising:

at least two support bodies;
wire fastening devices, each including:

a cap bolt having a head and a shank;

a pulling cylinder having on an outer circumierence
thereof a male thread, being fitted on the shank of
said cap bolt, having one end abutted with the head
of said cap bolt so as to be rotatably supported to said
cap bolt;

a case having a wire engaging portion at one end
thereof and a female thread formed on an inner
circumference thereof, and connected to said pulling
cylinder by threaded engagement of said male thread
and said female thread, the shank of the cap bolt of
one of the wire fastening devices being fixed to one
of the support bodies and the shank of the cap bolt of
another of the wire fastening devices being fixed to
another of the support bodies; and

a wire with one end and another end thereof fixed to
stoppers engaged with the wire engaging portions of
the cases of said one and another of the wire fasten-
ing devices, respectively,

wherein said another of the wire fastening devices 1s
connected with still another of the wire fastening
devices arranged on an opposite side of said another
support body by a grub screw to continue the wire
extending structure.
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